Introduction
============

Recent evidence indicates that cigarette smoking and secondhand smoke (SHS) exposure are associated with an increase in premenopausal breast cancer risk \[[@ref1]-[@ref7]\]. In 2009, the Canadian Expert Panel on Tobacco Smoke and Breast Cancer concluded that, based on epidemiologic and toxicological studies, the associations between cigarette smoking and breast cancer, as well as between long-term regular SHS exposure and premenopausal breast cancer "are consistent with causality" \[[@ref2]-[@ref8]\]. Since the Canadian report, 2 large cohort studies---the Nurses' Health Study that examined 8772 breast cancer cases \[[@ref7]\] and a Norwegian cohort study examining 7490 cases \[[@ref9]\]---clearly demonstrated that the critical window of exposure is from menarche to first childbirth, and confirmed what Ha et al had discovered in a smaller US cohort study in 2007 \[[@ref10]\]. In all 3 of these cohort studies a clear dose-response relationship was evident---the longer females smoked between menarche and first childbirth, and the more they smoked during that time period, the greater their risk for breast cancer. Additionally, smoking after first childbirth did not increase risk in these studies \[[@ref7],[@ref9]\]. More recently, analyses from 2 large cohort studies with lifetime assessments of SHS indicated increased breast cancer risk associated with high lifetime SHS exposure \[[@ref3],[@ref11]\].

The increased risk of premenopausal breast cancer associated with smoking and SHS, especially exposure between menarche and first childbirth, has direct implications for breast cancer prevention strategies. In a recent Canadian survey, 10% of youth in grades 10-12 self-identified as current smokers \[[@ref12]\]. The prevalence of youth who had ever tried smoking a cigarette was 16% in grades 6-9 and 40% in grades 10-12, with the average age of tobacco initiation among Canadian girls in 2011 being 13 years \[[@ref12]\]. Further, an estimated 22% of youth in grades 5-12 were exposed daily or almost daily to SHS in their homes \[[@ref12],[@ref13]\]. Although research identifying cigarette exposure as a modifiable risk factor for breast cancer was published in 2009, few interventions have aimed to increase awareness of the causal link between cigarette smoke and increased risk of breast cancer in premenopausal women \[[@ref14]\].

From a cancer prevention perspective, targeting interventions toward adolescent girls is particularly important because it is during periods of breast development that cigarette smoke exposure appears to increase the risk of breast cancer. The potential effectiveness of targeting tobacco control messages that highlight the benefits of reducing breast cancer risk toward adolescent girls is also supported by health behavior theory. The pubertal period is marked by heightened awareness of physical (ie, breast development) and psychological (ie, gendered social identity) changes, and can therefore be exploited as a teachable moment for breast cancer prevention \[[@ref15]\]. As such, targeted messages linking breast cancer risk with tobacco exposure may hold distinct advantages over general messages about smoking and cancer that youth may dismiss because they perceive the risk to be associated with a distant consequence that is not relevant to their immediate health \[[@ref16]\]. In designing breast cancer-specific messages targeting adolescent girls that address the risk of tobacco exposure, it has been recommended that interventions link tobacco exposure to breast cancer in ways that are gender-sensitive, in that messages are relevant and appropriate for girls in this age group (eg, avoiding sexualized images of breasts), reflect the context of tobacco use within youths' social world, and be attuned to gender-related issues (eg, emerging femininities and girls' peer relations) \[[@ref14]\].

Several meta-analyses and systematic reviews indicate that targeted messages are more persuasive than generic messages, and lead to greater improvements in outcomes including behavioral intentions, behavior change, and attitudes \[[@ref17]-[@ref22]\]. The potential benefit of using targeted gender-sensitive messaging in the context of a teachable moment is also supported by the results of a qualitative study recently conducted by our group. The findings of this study indicated that adolescents seemed to be more receptive to gender-sensitive messages about the relationship between cigarette smoke and breast cancer than they were to standard or putatively gender-neutral messages \[[@ref23]\].

The rapid expansion in adolescents' use of the Internet has led to the characterization of the Internet as an ideal channel for risk factor screening (eg, cigarette smoke exposure and/or smoking behavior) that can be coupled with the delivery of targeted health promotion interventions to reduce cigarette smoke exposure \[[@ref24]\]. Digital technology-based interventions can be rapidly disseminated, and can include interactive components that engage youth \[[@ref25]\]. Recent studies also indicate that youth-friendly, socially-oriented, and Web-based health messages and interventions can positively affect adolescents' smoking behavior \[[@ref17],[@ref26],[@ref27]\]. Web-based interventions that deliver gender-sensitive, health-related information on the relationship between cigarette smoke and breast cancer thus appear to represent a promising means of reducing adolescent girls' exposure to cigarette smoke.

Although Web-based interventions for adolescents have great potential, recent investigations of Web-based smoking cessation interventions for adolescents have not yet demonstrated substantial gains in efficacy \[[@ref26],[@ref28]-[@ref30]\]. However, interventions that aimed to prevent cigarette smoking initiation among nonsmokers have been more successful \[[@ref17],[@ref31],[@ref32]\]. Given the limited success associated with Web-based smoking cessation interventions, it may be more productive to focus on the development of Web-based interventions that seek to prevent smoking initiation and to reduce SHS exposure among nonsmoking adolescent girls.

The aim of this study was to investigate the efficacy of targeted gender- and Aboriginal status-sensitive, breast cancer-specific, Web-based messages focused on the increased risk of breast cancer associated with cigarette smoke exposure. The outcomes included nonsmoking adolescent girls' (1) knowledge of the causal link between cigarette smoke exposure and breast cancer, (2) perceptions of breast cancer risk associated with exposure to cigarette smoke, (3) smoking initiation, (4) intentions to smoke in the future, and (5) stage of change related to avoidance of SHS at follow-up (6 months following the message delivery). We hypothesized that compared with a control group that received a standard message describing the carcinogenic effects of tobacco smoke, a greater proportion of girls exposed to the targeted, disease-specific intervention would identify exposure to cigarette smoke as a cause of, and risk factor for, breast cancer. We also hypothesized that compared with girls who received a standard message, a smaller proportion of girls who received the targeted, disease-specific intervention would try smoking, report intentions to try smoking in the future, and report doing nothing to avoid SHS exposure.

Methods
=======

Overview
--------

The study described in this article, entitled Supporting Tailored Approaches to Reducing Tobacco (START): Decreasing Breast Cancer Incidence, was a cluster randomized controlled trial nested within an ongoing Web-based prospective cohort study, the British Columbia Adolescent Substance Use Survey (BASUS). The BASUS study began enrolling students from 48 participating secondary schools in the fall of 2009 and surveyed participants every 6 months until the fall of 2012. All BASUS participants were 13 years of age or older, able to read and complete a Web-based survey in English, and provided informed consent, as well as written parental consent in schools where required. Although the majority of students completed their surveys online outside of school time, others completed the survey in school computer labs during scheduled class time. Students received reminders to complete each wave of the BASUS survey via school-based posters and announcements, as well as via personal email if requested by the participant. Students could retrieve their passwords via email using a lost password button on the BASUS website. All participants received a \$25 gift card as an honorarium for each wave of the survey completed, and the response rates for individual schools ranged from 2% to 100%, with a 20% average. In the spring of 2011, schools were stratified into groups containing a similar number of study participants and randomly assigned to have their students receive either the targeted, breast cancer-specific intervention or the control message. The follow-up assessment was completed approximately 6 months later as part of the next wave of the BASUS study. For a complete description of the design of the randomized controlled trial and CONSORT statement, please refer to Richardson et al \[[@ref33]\]. Ethical approval for both the BASUS and START studies was obtained from the University of British Columbia's Behavioural Research Ethics Board.

Intervention Condition
----------------------

A tailored intervention message was designed to be sensitive to gender and Aboriginal status \[[@ref33]\]. The resulting message included images of four different girls playfully holding bras, with the statement "Smoking affects more than your lungs" followed by "Cigarette smoke, even secondhand smoke, puts girls at risk for breast cancer at an early age." The message also included the following suggestions for action: "Avoid places where you and your friends are exposed to secondhand smoke. If you smoke, think about quitting. Do it for yourself and all the girls you know." An example of the intervention message is displayed in [Figure 1](#figure1){ref-type="fig"}. For girls self-identifying as Aboriginal, the same message was received at baseline, with the addition of a feather watermark (displayed in [Figure 2](#figure2){ref-type="fig"}), an important ceremonial symbol among people of First Nation or Aboriginal ancestry \[[@ref33]\].

Following receipt of the intervention message at baseline, adolescent girls answered the following yes/no question: "Would you be interested in receiving information about the connection between cigarette smoke and breast cancer?" If a participant responded "Yes," she received additional information about the risk of cigarette smoke exposure and breast cancer upon completion of the survey (available on request).

![Gender-targeted intervention message for girls. Source: Created by START study authors, who hold copyright to the image.](resprot_v3i3e53_fig1){#figure1}

![Gender- and Aboriginal status-sensitive, targeted intervention message for girls. Source: Created by START study authors, who hold copyright to the image.](resprot_v3i3e53_fig2){#figure2}

Control Condition
-----------------

Students in the control group were presented with a standard message that cigarette smoke contains carcinogenic agents. The message was sourced from Health Canada's online library of health labels and warnings for cigarette tobacco \[[@ref34]\]. This message included an image of an ash-laden burning cigarette standing against a black background ([Figure 3](#figure3){ref-type="fig"}), with the following statement:

> Warning, you're not the only one smoking this cigarette. The smoke from a cigarette is not just inhaled by the smoker. It becomes secondhand smoke, which contains more than 50 cancer-causing agents

Following receipt of the standard message at baseline, adolescent girls answered the following yes/no question: "Would you be interested in receiving information about the connection between cigarette smoke and cancer?" If a participant responded "Yes," she received additional general information about the risk of cigarette smoke exposure and cancer upon completion of the survey questions (available on request).

![START control message. Source: Health Canada.](resprot_v3i3e53_fig3){#figure3}

Participants
------------

Participants included in the current analysis were nonsmoking adolescent girls, aged 13 to 15 years, who participated in the BASUS study. For baseline characteristics postrandomization, please refer to Richardson et al \[[@ref33]\].

Measures
--------

The baseline data collection for the current study occurred between April and June 2011; the follow-up data were collected between October and December 2011. The baseline survey questions determined the participants' demographic and SHS exposure characteristics, including age, ethnicity, family income (below average, average, or above average), and family history of breast cancer (yes or no). In addition, smoking behavior (ever tried smoking), intentions to smoke in the future, SHS exposure (parental smoking status, peer smoking status, cigarette smoke exposure at home, and extent of past month's exposure to SHS), and interest in receiving more information were assessed at baseline.

Approximately 6 months after the baseline dissemination of the intervention and control messages, the subsequent wave of the BASUS survey was administered. The following question was used to assess the girls' knowledge of the connection between cigarette smoke exposure and breast cancer: "Which of the following illnesses have been shown to be caused by exposure to cigarette smoke?", with the following response options: AIDS, arthritis, asthma, bladder cancer, breast cancer, common cold, diabetes, heart disease, lung cancer, measles, schizophrenia, stomach cancer, or none of the above. Risk perceptions regarding cigarette smoke exposure and breast cancer were assessed by asking participants to respond to the following statement: "Being exposed to secondhand cigarette smoke increases my risk of getting breast cancer", with the following response options: strongly agree, agree, disagree, or strongly disagree. Intentions to smoke were measured with the following question: "Do you think you might try smoking cigarettes in the future?", with the following response options: probably yes, probably not, or definitely not. The following brief measure developed by our group was used to assess the girls' stages of change (ie, maintenance, action, preparation, contemplation, and precontemplation) related to avoidance of SHS: "When you are exposed to secondhand cigarette smoke, do you consistently do things to reduce your exposure to the smoke?", with the following response options: yes, I have been for more than 6 months; yes, I have been, but for less than 6 months; no, but I intend to in the next 30 days; no, but I intend to in the next 6 months; or no, and I do not intend to in the next 6 months \[[@ref35]\].

Statistical Analysis
--------------------

The primary aim of the analysis was to determine whether differences in the outcomes were associated with exposure to the intervention versus control messages. To account for possible confounding not controlled by random allocation, potential confounders were identified with bivariate tests---any variables found to differ (*P*\<.10) between the treatment and control groups were included as covariates in subsequent multivariate models. Bivariate analyses of the categorical data were conducted with Fisher's exact tests. Follow-up time (measured in months) was included in the multivariate models. A generalized estimating equation (GEE) was used for all multivariate regression models to adjust the standard errors of the parameter estimates for the correlated responses of students clustered within the same school \[[@ref36]\]. Adjusted relative risks (ARRs) were estimated using a modified Poisson regression, with robust error variance \[[@ref37]\] originally proposed by Lee and Chia \[[@ref38]\] for binary outcomes \[[@ref39]\]. The robust error variance estimator was used because Poisson regressions overestimate the standard errors of parameters arising from binary outcomes \[[@ref37],[@ref40]\]. All statistical analyses were conducted with IBM SPSS Statistics Version 19.0. Although not part of the original aim, supplementary stratified analyses were performed to evaluate the impact of the intervention among the group of girls who requested more information about the relationship between cigarette smoke and (breast) cancer, and then among girls who did not request more information.

Results
=======

Characteristics
---------------

A total of 745 nonsmoking adolescent girls completed the baseline survey, and 618 completed both the baseline and follow-up surveys, providing a retention rate of 83.0%. Among the 127 girls lost to follow-up, 59 (46.5%) and 68 (53.5%) were in the control and intervention groups, respectively---results from a one-sample binomial test (hypothesized proportions of 50% in intervention and control groups) indicated that the difference in proportions lost to follow-up was not statistically significant (*P*=.48). Therefore, 618 nonsmoking girls from 74 schools (some students reported moving to a new school which increased the number of schools from 48 to 74), aged 13 to 15 years (mean age of 14 years), were included in the analyses. Of these girls, 242 received the intervention message and 376 received the standard control message. Among girls in the intervention group, 55 out of 242 (22.7%) requested more information about the relationship between cigarette smoke and breast cancer, and 64 girls out of 376 (17.0%) in the control group requested more information about the relationship between cigarette smoke and cancer---these proportions did not significantly differ (*P*=.52) by group. On average, 6 months elapsed between the baseline presentation of the messages and the follow-up assessment. [Table 1](#table1){ref-type="table"} provides the participants' characteristics as well as the SHS exposure characteristics. Differences in age at follow-up, family income at baseline, family history of breast cancer at follow-up, and parental smoking status at follow-up were statistically significant (*P*\<.10) between intervention and control groups.

###### 

Personal and secondhand smoke exposure characteristics of nonsmoking adolescent girls by group allocation.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic              Control, n (%)\                                                                                    Intervention,\                Total, n (%)\    *P* value^a^                      
                              (n=376)                                                                                            n (%)\                        (n=618)                                            
                                                                                                                                 (n=242)                                                                          
  --------------------------- -------------------------------------------------------------------------------------------------- ----------------------------- ---------------- ---------------- ---------------- --------
  **Demographics**            \                                                                                                  \                             \                \                                 

  \                           **Age in years (at follow-up)**                                                                    \                             \                \                \                

  \                           \                                                                                                  13                            20/376 (5.3)     5/242 (2.1)      25/618 (4.0)     \<.001

  \                           \                                                                                                  14                            157/376 (41.8)   56/242 (23.1)    213/618 (34.5)   \

  \                           \                                                                                                  15                            199/376 (52.9)   181/242 (74.8)   380/618 (61.5)   \

  \                           **Ethnicity (at baseline)**                                                                        \                             \                \                \                

  \                           \                                                                                                  Aboriginal                    27/372 (7.3)     22/237 (9.3)     49/605 (8.1)     .50

  \                           \                                                                                                  Non-Aboriginal                343/370 (92.7)   215/237 (90.7)   558/608 (91.8)   \

  \                           **Family income (at baseline)**                                                                    \                             \                \                \                

  \                           \                                                                                                  Below average                 24/348 (6.9)     7/233 (3.0)      31/574 (5.4)     .04

  \                           \                                                                                                  Average                       280/348 (80.5)   183/231 (79.2)   463/579 (80.0)   \

  \                           \                                                                                                  Above average                 44/349 (12.6)    41/231 (17.7)    85/578 (14.7)    \

  \                           Responded "Yes" to "Family history of breast cancer" (at baseline)                                 66/357 (18.5)                 64/236 (27.1)    130/591 (22.0)   .02              

  **SHS exposure**            \                                                                                                  \                             \                \                                 

  \                           Responded "Yes" to "Parent(s) smoke(s)" (at follow-up)\                                            101/338 (29.9)                40/223 (17.9)    141/562 (25.1)   .001             
                              \                                                                                                                                                                                   

  \                           Responded "Yes" to "Friends smoke" (at follow-up)                                                  57/295 (19.3)                 27/191 (14.1)    84/488 (17.2)    .18              

  \                           Answered "Yes" to "Does anyone smoke in your home every day or almost every day?" (at follow-up)   41/363 (11.3)                 17/239 (7.1)     58/604 (9.6)     .12              

  \                           **Past month's exposure to SHS (at follow-up)**                                                                                                                                     

  \                           \                                                                                                  Every day                     16/372 (4.3)     5/238 (2.1)      21/600 (3.5)     .60

  \                           \                                                                                                  Almost every day              38/368 (10.1)    27/237 (11.4)    65/607 (10.7)    \

  \                           \                                                                                                  At least once a week          103/369 (27.9)   68/236 (28.8)    171/604 (28.3)   \

  \                           \                                                                                                  At least once in past month   166/369 (45.0)   111/236 (47.0)   227/495 (45.8)   \

  \                           \                                                                                                  Never                         46/368 (12.5)    25/236 (10.6)    71/607 (11.7)    \

  **Other characteristics**   \                                                                                                  \                             \                \                                 

  \                           **Intentions to try smoking in future (at baseline)**                                                                                                                               

  \                           \                                                                                                  Probably yes                  16/363 (4.4)     5/238 (2.1)      24/585 (4.1)     .71

  \                           \                                                                                                  Probably not                  73/361 (20.2)    47/238 (19.7)    102/586 (17.4)   \

  \                           \                                                                                                  Definitely not                272/361 (75.3)   185/238 (77.7)   459/585 (78.5)   \

  \                           Time elapsed to follow-up, months (SD)                                                             5.82 (0.77)                   5.84 (1.10)      5.83 (0.94)      .77^b^           
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Based on Fischer's exact test.

^b^Based on independent samples *t* test.

Knowledge and Risk Perceptions of Cigarette Smoke Exposure and Breast Cancer at Follow-Up
-----------------------------------------------------------------------------------------

As shown in [Table 2](#table2){ref-type="table"}, after adjusting for differences in age, family income, family history of breast cancer, parental smoking status, and time elapsed to follow-up, the girls who received the intervention message were 33% more likely than girls that received the control message to identify breast cancer as an illness caused by exposure to cigarette smoke (ARR 1.33, 95% CI 1.05-1.68).

After adjusting for differences in age, family income, family history of breast cancer, parental smoking status, and time elapsed to follow-up, the girls who received the intervention message were 10% more likely than girls in the control group to agree with the statement that being exposed to SHS increases their risk of breast cancer (ARR 1.10, 95% CI 1.02-1.20) (see [Table 2](#table2){ref-type="table"}).

###### 

Knowledge, risk perceptions, smoking behavior, intentions, and stage of change related to cigarette smoke exposure and breast cancer, by group allocation, at follow-up.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Follow-up assessment                              Control,\                                                                                                                                       Intervention,\                 Total,\          ARR^a^ or unadjustedRR^b^\                    
                                                    n (%)\                                                                                                                                          n (%)\                         n (%)\           (95% CI)                                      
                                                    (n=376)                                                                                                                                         (n=242)                        (n=618)                                                        
  ------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------ ---------------- ---------------------------- ---------------- -------------
  **Knowledge and risk perceptions**                                                                                                                                                                                                                                                              

  \                                                 Responded "Yes" to "Breast cancer is caused by exposure to cigarette smoke."                                                                    107/376 (28.5)                 96/242 (39.7)    203/618 (32.8)               1.33^a^\         
                                                                                                                                                                                                                                                                                 (1.05-1.68)      

  \                                                 Responded "Agree" to "Being exposed to secondhand cigarette smoke increases my risk of getting breast cancer."^c^                               252/314(80.3)                  199/224 (88.8)   451/538 (83.8)               1.10^a^\         
                                                                                                                                                                                                                                                                                 (1.02-1.20)      

  **Smoking behavior and intentions**                                                                                                                                                                                                                                                             

  \                                                 Responded "Yes" to "Tried smoking."^d^                                                                                                          13/376 (3.5)                   9/239 (3.8)      22/613 (3.6)                 1.14^b^\         
                                                                                                                                                                                                                                                                                 (0.48-2.69)      

  \                                                 **Intentions to try smoking in the future**                                                                                                                                                                                                   

  \                                                 \                                                                                                                                               Probably yes or probably not   75/354 (21.2)    51/231 (22.1)                126/585 (21.5)   1.00^a^\
                                                                                                                                                                                                                                                                                                  (0.98-1.03)

  \                                                 \                                                                                                                                               Definitely not                 279/354 (78.8)   180/231 (77.9)               459/585 (78.5)   \

  **Stage of change related to avoidance of SHS**                                                                                                                                                                                                                                                 

  \                                                 Answered "Yes" to "When you are exposed to secondhand cigarette smoke do you consistently do things to reduce your exposure to the smoke?"^e^   241/296 (81.4)                 161/196 (82.1)   402/492 (81.7)               0.97^a^\         
                                                                                                                                                                                                                                                                                 (0.82-1.15)\     
                                                                                                                                                                                                                                                                                 \                
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Adjusted relative risk for differences in income, age, parental smoking status, family history of breast cancer, and time elapsed to follow-up.

^b^Unadjusted relative risk (URR) for differences in income, age, parental smoking status, family history of breast cancer, and time elapsed to follow-up.

^c^"Strongly agree" and "agree" were collapsed as "agree", and "strongly disagree" and "disagree" were collapsed as "disagree", which was the reference group.

^d^Either tried cigarettes or roll-your-own cigarettes in the time between baseline and follow-up.

^e^Responded either "Yes, for more than 6 months" or "Yes, but for less than 6 months."

Smoking Behavior, Intentions to Smoke, and Stage of Change Related to Avoidance of SHS
--------------------------------------------------------------------------------------

As shown in [Table 2](#table2){ref-type="table"}, no statistically significant treatment effects were observed for a change in smoking status (ie, having tried cigarette smoking between baseline and follow-up), intentions to try smoking, or stage of change related to avoidance of SHS.

Stratified Analyses to Investigate Impact of Intervention Within Groups Defined by Requesting More Information
--------------------------------------------------------------------------------------------------------------

After stratifying groups by whether or not the girls requested more information about the relationship between cigarette smoke and (breast) cancer, we examined all outcomes analyzed in the prior multivariate models (knowledge and risk perceptions, smoking behavior and intentions, and stage of change related to avoidance of SHS) using univariate analyses (Pearson Chi-square tests). Among girls who requested more information (n=119), a significantly greater proportion of girls in the intervention group (27/48, 56%) compared with the control group (14/71, 20%) identified breast cancer as an illness caused by exposure to cigarette smoke (*P*=.003). Among girls who did not request more information (n=499), a significantly greater proportion of girls in the intervention group (170/194, 87.6%) compared with the control group (244/305, 80.0%) agreed with the statement that being exposed to SHS increases their risk of breast cancer (*P*=.03). All other outcomes of interest did not significantly differ in these stratified analyses.

Discussion
==========

Principal Findings
------------------

The objectives of this study were to evaluate the effects of a targeted gender- and Aboriginal status-sensitive, breast cancer-specific, Web-based message on nonsmoking adolescent girls' (1) knowledge of the causal link between cigarette smoke exposure and breast cancer, (2) perceptions of breast cancer risk associated with exposure to cigarette smoke, (3) smoking initiation, (4) intentions to smoke, and (5) stage of change related to avoidance of SHS at follow-up (ie, 6 months after the message delivery). The results indicate that the intervention message had positive effects on awareness of cigarette smoke exposure as a causal agent of, and risk factor for, breast cancer among nonsmoking girls approximately 6 months following message dissemination. Compared with the girls who received the standard control message, the girls who received the intervention message were 33% more likely to identify breast cancer as an illness caused by exposure to cigarette smoke and 10% more likely to agree with the statement that being exposed to SHS increases their risk of breast cancer. Furthermore, a similar pattern of results was found in groups stratified by whether or not the girls requested more information about the relationship between cigarette smoke and (breast) cancer.

This is the first intervention we are aware of specifically designed to evaluate the effect of a brief Web-based intervention on awareness of the relationship between SHS and breast cancer. Furthermore, this study considered both changes in perceived risk regarding the link between exposure to SHS and breast cancer, as well as smoking intentions and behavior at follow-up. Two teams of researchers have tested online interventions to reduce cigarette use and intentions to smoke among adolescents \[[@ref26],[@ref28]\]. They both reported reduced odds of future smoking intentions, and the analyses by Norman et al revealed reduced odds of cigarette use by the nonsmokers in the intervention arm. However, these studies utilized multicomponent interventions. Norman et al implemented a 5-phase, interactive program in Smoking Zine \[[@ref26]\], which included a virtual point-of-sale that evaluated the cost of smoking, followed by smoking use assessments and a pros versus cons evaluation of smoking and being smoke free. Buller et al evaluated Consider This, a comprehensive 6-module program based on Bandura's Social Cognitive Theory, which included assessments of perceived social norms concerning the prevalence of smoking, future smoking expectations, and smoking prevalence among adolescents (resistance efficacy) \[[@ref28]\]. In comparison, our intervention was brief, which may explain why we found significant gains in knowledge, but no change in actual behavior.

Findings from our study, which indicate that brief, targeted, breast cancer-specific messages can raise girls' awareness of the link between breast cancer and cigarette smoke exposure, add to the small but growing body of literature about the benefits of using the Internet to deliver messages to raise awareness and ultimately effect health behavior change. For example, in a recent study 25% of 497 adolescents reported changing their behavior (eg, nutrition and/or physical activity) based on findings in online searches for health information \[[@ref24]\]. Indeed, several trials have demonstrated that Web-based health promotion interventions can be targeted and widely disseminated in an effective and relatively inexpensive manner \[[@ref41],[@ref42]\]. In addition, there may be the possibility of using existing online commercial marketing services to disseminate targeted messages on a large scale at very low cost. Although the results of this study indicate that the START messages would likely increase awareness of the risk of breast cancer associated with cigarette smoke exposure, further research is needed to determine how changes in awareness or perceived risk could be leveraged to include subsequent reductions in smoking initiation and SHS exposure.

Limitations
-----------

This study is not without limitations. The purpose was to compare a generic control message with targeted gender- and Aboriginal status-sensitive, breast cancer-specific (intervention) messages. Given that the control message did not contain breast cancer-specific information it is not possible to disentangle the influence of the breast cancer-specific information from the other aspects of the gender tailoring of the intervention message. The positive outcomes of the intervention were increases in girls' knowledge and risk perceptions related to cigarette smoke exposure and breast cancer, not with actual behavior change (eg, reduced smoking initiation or stage of change related to avoidance of SHS). However, the latter, nonsignificant findings could have resulted from the small number (22/613) of girls who reported having tried smoking at the time of follow-up. Future studies could address this limitation by employing a much larger sample. These studies could add to the results of the current investigation by examining behavioral change among an oversampling of girls' who have already tried smoking. Additionally, if a second no-information control group had been included as a reference (ie, one that did not receive any message), larger intervention effects may have been found. The generalizability of these findings is limited---they may not be relevant to other age groups and ethnicities.

Conclusions
-----------

The study findings suggest that a brief, targeted, disease-specific and gender-sensitive, Web-based message influenced girls' knowledge of cigarette smoke exposure as a risk factor for, and causal agent of, breast cancer, thereby supporting the use of this type of intervention in future trials. Brief informational interventions delivered via the Internet appear to be effective, far-reaching forms of health promotion that have the potential for long-term effects on adolescents' knowledge and risk perceptions with regard to cigarette exposure and breast cancer. Future investigations of Web-based interventions could employ repeated exposure of the targeted message, or they could implement a multistep design and incorporate short message service (SMS) text messaging or interactive voice responses to understand how to increase the effectiveness of these types of interventions.
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